Migraine headache is among the most prevalent neurologic disorders. Status migrainosus often leads to hospitalization, and multiple medications are sometimes required for symptomatic relief. In 2008, neurologists at our institution started using the atypical antipsychotic ziprasidone as an abortive medication for status migrainosus. The Clinical Investigation Data Exploration Repository was used to search for patients admitted to the Barnes-Jewish Hospital inpatient neurology service with diagnoses of ''headache'' or ''migraine.'' Patients were identified as having status migrainosus if they met the International Headache Society criteria for a migraine lasting >72 hours. Clinical records of identified patients were then entered into a secure online database (REDCap). Between 2008 and 2015, a total of 34 patients received 10 to 40 mg of ziprasidone for the treatment of status migrainosus. Among patients who received ziprasidone, headache severity decreased 5.68 + 3.0 points on a 10-point scale, from admission to discharge. Ziprasidone was the last abortive medication added prior to discharge in 65% of cases. The 30-day readmission rate for migraine headache in patients who received ziprasidone was 12%. Ziprasidone was well tolerated, with side effects limited to a mild dystonic reaction (n ¼ 1), rhinorrhea (n ¼ 1), and a prolonged QTc of 495 milliseconds (n ¼ 1). This observational study suggests that ziprasidone may be a safe, effective abortive medication for the treatment of status migrainosus. Further studies comparing ziprasidone to standard of care are warranted.
Background and Purpose
The International Headache Society (IHS) defines status migrainosus (SM) as an unremitting migraine lasting greater than 72 hours. 1 Status migrainosus often leads to hospitalization at an average cost of US$5000 per admission. 2 Patients with SM may fail first-line (e.g., acetaminophen, nonsteroidal anti-inflammatory drugs, caffeine) and second-line abortive therapies (eg, triptans, ketorolac, prochlorperazine, metoclopramide). Practitioners often resort to third-line treatments such as neuroleptics, intravenous valproate, or dihydroergotamine (DHE) in the inpatient setting. Clinical trials suggest that droperidol, haloperidol, and other dopaminergic antagonists may be effective abortive therapies. [3] [4] [5] However, these medications are reserved for the emergency room or the inpatient setting where patients can be monitored for dangerous adverse effects including cardiac ischemia (DHE), prolongation of the QTc interval, oversedation, or extrapyramidal symptoms (neuroleptics).
Given an overlapping dopaminergic mechanism of action with droperidol and haloperidol, and a small case series showing efficacy in chronic daily headache, 6 we hypothesized that intramuscular (IM) ziprasidone (quicker onset of action of <60 minutes and potential added placebo effect of the invasiveness of IM injection) may be an effective and safer alternative third-line treatment for SM. In 2008, neurologists at Barnes-Jewish Hospital (BJH) started using ziprasidone as an abortive therapy in patients with SM. This retrospective chart review of the use of ziprasidone at BJH is an attempt to examine its efficacy and safety profile as an abortive therapy for SM.
Methods
This is a retrospective chart review (class IV evidence) of patients admitted to BJH with SM over a 7-year period. This study was approved by the Washington University Institutional Review Board. A waiver of informed consent was granted. Patients admitted to the neurology inpatient service meeting the IHS criteria for a migraine lasting > 72 hours were identified using the Clinical Investigation Data Exploration Repository (patients were identified with the primary diagnosis of ''headache'' or ''migraine'' and cross matched with the search term ''ziprasidone'' or ''Geodon''). Patients were excluded if they received ziprasidone for any other indication or were taking any other D2 antagonists on admission. All clinical data were entered into a secure online database (REDCap).
Results
Between 2008 and 2015, a total of 43 patients with SM were treated with ziprasidone. Typical dosing was 10 to 20 mg IM Â 1 to 2 doses, with a few exceptions (40 mg IM Â 2, 20 mg IV Â 2, 20 mg orally Â 1-2). See Table 1 for patient demographics and for a comparison to other treatment cohorts evaluating the efficacy of neuroleptics in migraine. On admission, patients were taking 1.7 + 1.3 (mean + standard deviation [SD]); 1, 0 to 4 (median, range) classes of medicine for migraine prophylaxis ( Figure 1A ), and 0.9 + 1.2 (mean + SD) abortive therapies ( Figure 1B) .
Headache severity was measured on a standard 0 to 10 Likert scale, with maximum severity equal to 10. As this was a retrospective chart review, the electronic medical record (EMR) lacked adequate documentation of headache severity on admission (n ¼ 8) or on discharge (n ¼ 4) for some patients. Headache severity on admission was 8.9 + 1.5 (n ¼ 35, mean + SD), and 3.0 + 2.9 (n ¼ 39, mean + SD) on discharge from the hospital. Thirty-four patients had both admission and discharge severity scales, with an average decrease in pain by 5.7 + 3.0 (mean + SD; Figure 2 ). Based on the wording of the discharge summaries, ziprasidone was deemed helpful in reducing headache severity 81% of the time and was the definitive medication leading to discharge in 65% of cases. Almost all patients reported a period of consolidated sleep following administration of ziprasidone. See supplemental material for excerpts from patient discharge summaries. Given that ziprasidone was being used off-label, we confirmed that it was given no earlier than as a third-line agent. On average 4.7 + 2.5 (mean + SD) different types of medication were used prior to ziprasidone ( Figure 3 ). Of these prior medications, 10 patients failed treatment with droperidol and haloperidol prior to receiving ziprasidone. Adverse events and medication side effects with ziprasidone were not systematically documented. However, there were single reports of an asymptomatic prolongation of the QTc, upper back ''stiffness'' that was treated as a dystonic reaction, and rhinorrhea.
In order to assess whether ziprasidone may have shortened length of stay, we identified a comparison group of 20 patients with SM who were evaluated during the same time period and received droperidol along with a comparable number of abortive therapies but did not receive ziprasidone. In the ziprasidone group, the length of stay was 3, 1 to 8 (median, range), days in comparison to the droperidol group, which was 4, 2 to 17 (median, range). Similar to those receiving ziprasidone, the droperidol group received 4.3 + 1.4 (mean + SD) different abortive medications. Headache recurrence is common with SM. While there was no systematic, scheduled 48-hour follow-up to assess for the return of symptoms, 12% (n ¼ 5) were readmitted for migraine to BJH within 30 days of discharge.
Discussion
This study suggests that ziprasidone may be an effective abortive medication for SM. There are several limitations including its retrospective nature, the lack of a control group, and lack of a systematic collection of adverse events. Nonetheless, these findings, and those of a small case series, 6 warrant cautious optimism. Additional studies examining both the mechanism of action of ziprasidone and its efficacy in the treatment of SM in a prospective, placebo-controlled fashion are justified. Beneficial effects of neuroleptics on migraine are thought to be mediated via the D2 dopamine receptor. D2 receptors are found in the brain stem nuclei and sympathetic ganglia and nerves and may regulate autonomic visceral, gastrointestinal, and hemodynamic responses frequently affected by migraine. 3 Ziprasidone is an antagonist of D2 and serotonin type 1 and 2 (ie, 5HT1D, 5HT2A) receptors. It is also an agonist at the serotonin 5HT1A receptor, moderately inhibits reuptake of norepinephrine and serotonin, and has alpha-blocking and antihistaminic activity. 6 While D2 receptor blockade may account for some of ziprasidone's efficacy in migraine, other neurotransmitter systems are likely involved. This study only looked at ziprasidone and it is possible that many of the other second-generation D2 antagonists may have a similar effect.
In addition to an improvement in their headache, most patients reported restorative sleep after receiving ziprasidone. Two studies have shown that ziprasidone is associated with improvement in sleep continuity and sleep efficiency, reduced REM sleep, and significant increases in REM latency and percentage of stage 2 sleep and slow-wave sleep. 7, 8 In the migraine literature, there is a clear association with sleep disturbances triggering attacks and sleep being used as an abortive intervention. 9 While this study did not control for sleep as a factor, future studies should specifically address whether ziprasidone-induced sleep is responsible for its apparent efficacy as an abortive therapy for SM.
We report a median length of inpatient hospital admission of 3 days, which is similar to the national average. 1 While ziprasidone was often the last medication tried and led to discharge in 65% of cases, it is possible that the patient's migraine would have resolved on its own on a similar time scale or with sleep. Therefore, we retrospectively identified a group of 20 patients who were given droperidol for the treatment of SM and also received a similar number of additional abortive medications. The length of stay was longer in the droperidol group (4 days vs 3 in the ziprasidone group). However, the results of this retrospective comparison should be interpreted cautiously as there are many confounding variables inherent to this type of analysis. Future controlled studies comparing early ziprasidone administration to standard of care are needed. Additionally, the placebo effect (especially the invasive nature of an IM injection) is well documented in the headache literature and could confound our results; although in the clinical setting, any beneficial effect is advantageous.
If a drug is to be of value in the acute treatment of SM, it must act rapidly. The IM form of ziprasidone reaches peak availability within 60 minutes in comparison to the oral formulation (6-8 hours) . A subgroup of patients in this study did receive oral ziprasidone (n ¼ 5), all of which showed improvement in their headache pain scale. Unfortunately, due to the nature of this retrospective chart review, there was no systematic temporal measurement of pain scales immediately before and after medication administration. Therefore, only the pain scales on admission and discharge could be used. Future studies will undoubtedly contain this temporal data and will help address appropriate dosage (ie, dose response), and whether the oral formulation can be used in the outpatient setting.
While adverse events were not systematically documented at the time of ziprasidone administration, there appears to be a lower incidence of adverse events with ziprasidone in this study when compared to prior migraine studies utilizing neuroleptics, consistent with the lower incidence of extrapyramidal side effects seen with ziprasidone. 10 Another well-documented risk with ziprasidone is QTc prolongation and rarely torsade de pointes. 11 In this study, there was 1 documented case of asymptomatic QTc prolongation. Therefore, it is recommended that any patient with SM receiving ziprasidone have a baseline QTc of less than 500 milliseconds and that doses do not exceed 20 mg IM (as the lower doses of 10-20 mg seemed equally effective).
Another major limitation of this study is the heterogeneity of the patient population receiving ziprasidone. All patients who received ziprasidone were enrolled regardless of whether they were first-time versus chronic migraineurs (average of 1.7 prophylactic migraine medications on admission); and whether there was a component of analgesia overuse (average of 0.9 abortive medications used prior to admission). To place our findings in context of the headache literature, we compared our findings to 2 prior studies using the neuroleptics droperidol 4 and haloperidol 3 (see Table 1 ). Of note, 3 of the 4 nonresponders to ziprasidone were chronic migraineurs with multiple prior admissions who had already failed treatment with droperidol and haloperidol, suggesting a shared mechanism. All 3 studies showed a comparable therapeutic response (see Table 2 ) and the comparison also suggests that ziprasidone may have a better side effect profile than the other 2 neuroleptic medications.
Conclusions
In this open-label, retrospective study, ziprasidone was associated with a significant therapeutic benefit in 65% of all patients and may be a safe, third-line treatment for SM. However, until additional studies are performed the efficacy of ziprasidone in SM remains unknown.
Authors' Note
Dr. Landsness was involved in designing the study, data collection and analysis, and writing the paper. Dr. Wang and Dr. Bucelli were involved in designing and writing the paper.
